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0 Catheter and method for locally applying medication to the wall of a blood vessel or other body 
lumen. 

© A method and catheter for use in practising the method are provided by which a highly concentrated 
medication or chemotherapeutic agent can be applied locally under sufficient pressure to cause the medication 
or agent to penetrate into the localized tissue. The total volume of medication or agent is quite small, well below 
levels that might cause an adverse reaction in other parts of the body. The catheter includes a thin walled 
flexible balloon (16) having a plurality of minute holes (29) through which medication may flow at a low flow rate. 
The balloon (16) is inflated with the medication under pressure and the low flow rate of the order of a few ccs 
per minute is controlled by the minute holes (29) in the balloon (16). In practising the method of the invention, 
the balloon (16) is selected such that its inflated diameter will correspond to or be slightly greater than the 
diameter of the lumen into which it is to be placed so that when the balloon (16) is inflated, it will contact 
intimately the surface of the lumen. Inflation of the balloon (16) with the medication will cause a thin film to 

^spread between the balloon (16) and the lumen, the film being maintained under a sufficient pressure to 
penetrate significantly the surrounding tissue with a high concentration of medication. The quantity of medication 

^that ultimately flows free into the lumen is quite small and is insufficient to cause any other damage to the 

^ patient. 
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CATHETER AMD METHOD FOR LOCALLY APPLYING MEDaCATION TO THE WAU OF A BLOOD VESSEL 

OR OTHER SODY LUMEN 



. FIELD OF THE INVENTION 



The invention relates to catheters and t3Chniques for treating, with madiclne. drugs or the like, a blood 
5 vessel or other body organ having a lumen through which the blood vessel or organ may be accessed. 



BACKGROUND OF THE INVENTION 

Often, in the treatment of various diseases, it rnay be desirable to treat a body organ, blood vessel or 
the like with medicine or drugs in a high concentration. Although desirable, the practice often may not be 
achievable because in order to apply the potentially toxic medicament in a sufficiently high dose to be 
effective in the region to be treated/ the tjody may become flooded with dangerously high levels of the 

75 medicament which could result in damage to other parts of the body or could even be life threatening. For 
example, it has been found experimentally in animals that very high' concentrations of heparin (or a 
particular component of heparin) when infused into the blood circulation tend to inhibit smooth muscle cell 
proliferation. See "Inhibition of Rat Arteriar Smooth Muscle Cell Proliferation by Heparin" by John R. 
Guyton. et al.. Circulation Research ." Vol. 46. No. i5. May 1980. pp. 625-633; and "Vascular Smooth Muscle 

20 Proliferation Following Balloon Injury is Synergistically Inhibited by Low Molecular Weight Heparin and 
Hydrocortisone". John v. Gordon, et ai.. Circulation 7G;IV-213. 1987. Tfiss may be of significance in 
connection with percutaneous transiuminat: angioplasty procedures by which an arteiial stenosis is ex- 
panded to restore blood flow through an artery. Among the significant problems currently facing physicians 
practising angioplasty is that there is a re-atively high rate of restenosis <of the order of 30%) after 

25 performing the initial angioplasty. It is believed that a significant contributing factor to restenosis may be 
smooth muscie ceil proliferation of the artery waii. See "Intimal Proliferation of Smooth Muscle Cells as an 
Explanation for Recurrent Coronary Artery Stenosis After percutaneous Transluminal Coronary Angioplasty" 
by Garth E. Austin, et ai.. Journal American College of cardiology . Vol. 6, No. 2, August 1985. pp. .369-375. 
Thus, it may be advantageous to apply concentrated doses of heparin to an arterial wall that has been 

30 treated with angioplasty since effective doses of the heparin would be dangerous if introduced into the 
general circulation. ' 

Although the desirability of applying high doses of medication to a local region of an artery or other 
body vessel has been recognized (see applicant's copending application Serial No. 042.569 filed April 21 , 
1987 and U.S. Patent 4,423,725 issued January 3. 1984 to Baran). there remains a need for an improved 
35 catheter for delivering such- high concentrations without also floodjng tt^e patienfs system with an 
unacceptably large concentration of the medication. 

It is among the general objects of the invention to provide a method and apparatus for delivering high 
concentrations of medication to a localized area of a body vessel arKl to apply such medicine under 
pressure to cause penetration of the medicine into the wall of the body vessel, but without delivering large 
40 doses of the medication to the patient's overall system. 



SUMMARY OF THE INVENTION 



The invention involves the use of a balloon catheter having a flexible, inelastic cylindrical balloon at its 
distal end. the balloon having a plurality of regularly spaced minute openings through which medication 
may weep at a controlled, low flow rate. The balloon interior communicates with an inflation lumen 
extending through this shaft of the catheter and a fitting at the proximal end of the catheter for 
50 communicating the inflaticn lumen %Tth a syringe oir other- pressure infusion device. The flow area defined 
' by the perforations in the beilloon is selected to provide a very low, weeping flow rate, typically of the order 
of a fev^ cubic centimeters per minute through the balloon wall, the maximum flow rate depending on the 
particular medicine or drug being delivered: The catheter is selected with respect to the diameter of the 
lumen in tiie body vessel to be ti-eated so that the inflated diameter of the balloon is slightiy greater than 
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the lumen diameter. Thus, when the balloon is inflated within the lumen it will press firmly against the 
surface of . the body lumen. Once -the -balloon has been inflated by the medication solution, continued 
pressure applied to the interior of the balloon will force the medication through the perforations and between 
the balloon and the luminal surface of the body vessel. The medication spreads between the balloon and 
5 the body lumen, forming a thin film. The film is maintained under pressure by continually pressurizing the 
fluid in the catheter and the balloon, thereby causing medication to flow at a low weeping flow rate that is 
equal to or less than the maximum flow rate permitted by the minute balloon perforations. The continued 
pressure of the film forces the high-dose medication to penetrate the wall of tissue defining the body lumen 
while excess fluid bleeds off into. the patient's system but at such a low volume that no adverse effect on 
- 10 other body organs or systems results. Such a film pressure may be maintained for up to several minutes to 
cause the medication to penetrate the tissue to the extent desired without introducing into the patient's 
system a large quantity of drugs. 

It is among the objects of the invention to provide a catheter for local treatment with a high 
concentration of medication or drugs, of a body member having a lumen, without exposing other parts of 
;5 the body to such a high concentration of the medication or drug. 

Another object of the invention is to provide a method for local treatment of a body vessel with a high 
. concentration of medicine or drugs:- . 

A further object of the invention is ta provide a catheter having a perforated balloon adapted to permit 
fluid to weep through the balloon wall but at a low flow rate but no greater than a predetermined maximum 
20 rate. ^ • 



DESCRIPTION OF THE DRAWINGS 

25^', ■ ■■ ^ " . ................ ry,.:,:;-- ■ :v/_: - , 

The foregoing and other objects and advantages of the invention will be appreciated more fully from the 
following further description thereof, with reference to the accompanying drawings wherein: 
FIG. 1 is an illustration of the balloon catheter used in the practice of the invention; 
FIG. 2 is an enlarged longitudinal cross-sectional illustration of the catheter taken through the region 
30 of the balloon as seen along the line 2-2 of FIG. 1: 

FIG. 3 is an illustration of the balloon laid flat showing the locations of holes as they may be formed 
■ by -.a laser; ■ ^ . v • 

FIG. 4 is a side view of the flattened balloon as seen from aaend thereof; ^ 

RG. 5 is a sectional illustration through, the, balloon illustrating the circumferential spacing of the rows 
35 of holes;. v ■ 

FIG. 6 is an illustration of the balloon in a deflated condition prior to insertion of the balloon into a 

patient's artery; 

FIG. 7 is an enlarged illustration of the balloon portion of the catheter in an artery and in an inflated 
configuration; and . \ . * • 

40 FIG. 8 is an enlarged cross-sectional illustration of the boundary region of the balloon, fluid film and 

artery. 

; . DESCRIPTION OF THE ILLUSTRATIVE - EMBODIMENT 

FIG. 1 illustrates the catheter used in the practice of the invention. The catheter includes an elongate 
flexible shaft 10 that may be formed in an extrusion process from an appropriate plastic material such as 
polyethylene. By way bf example, when the catheter is intended to be used in the coronary arteries, the 

50 shaft may fc>e of the order of 150 cm long and may have an outer diameter of .054". The catheter has a 
proximal end 12 and a distal- end . -14.:- An inflatable; and deflatable balloon, indicated generally at 16 is 
mounted on the distal end 14of :the catheter shaft 10. As shown in FIG. 2, the catheter shaft 10 includes an 
inflation , lumen 18 that extends from the proximal end of the shaft arid; terminates in an opening 20 within 
the balloon 16. The proximal end 12 of the catheter shaft 10 carries a fitting 22 by whjch the inflation lumen 

55 18 may be connected to a syringe (not shown) or other pressure. fjuijd delivery device. The catheter shaft 10 
also, may be formed to include a guidewire lumen .26. that .extends, to and terminates in an outlet orifice 28 at 
the distal tip of the catheter shaft = 1 0. The gu.idewire lumen. 26 may ,t>e used to receive a guidewire 27 by 
which the catheter may be guided through a patient's -vasculature to the. site tp.be treated; 

3 
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The balloon 16 may be formed from various polymeric materiaJs and desirably has a thin, flexible, 
preferably inelastic wall. A preferred material is polyethyiene terephthalate and a balloon having a wall 
thickness of .001" or less may be fabricated as described in U.S. Patent 4,490.421 (Levy) or U.S. Patent 
Application Serial No. 001,759 filed January 9. 1987 (Saab). By way of example, a catheter according to the 
invention adapted for use in the coronary arteries may have a balloon about 20 mm or more long and a wall 
thickness of .001 " or less. It is contemplated that with a relatively inelastic balloon several different sizes of 
(inflated) balloons may be required, depending on the application in which the catheter is to be used. For 
example, when used as an adjunct to angioplasty of the coronary arteries, balloons having diameters of 2.0 
mm, 2.5 mm. 3.0 mm, 3.5 mm may be appropriate. In. general, in connection with arterial angioplasty, it Is 
contemplated that the baiioon of the present invention should be selected to match the balloon used in the 
angioplasty procedure, the foregoing range being typical of the. balloon sizes commonly employed in 
coronary angioplasty catheters. 

The baiioon 16 is provided witti a plurality of minute holes 29 that are substantially regularly spaced 
about the balloon 1 6. For example, we have found that an array of about thirty holes, each atx)ut 25 microns 
in diameter has been satisfactory. The holes may be formed, by a laser beam from an excimer laser having 
wavelengths of 248 or 308. nm. These have been found to fprm clean edged holes in the balloon material. 
FIGS. 2 and 3 illustrate a satisfactory pattern of holes including six longitudinally extending rows having five 
holes 30 in each row. Some of the rows may be staggered longitudinally, with respect to each other as 
illustrated in FIG. 2. The holes are formed before the balloon is mounted on the catheter shaft. The baiioon 
is laid flat as shown in FIGS. 4 and 5 while a laser beam is used to drill the holes 29 in the desired pattern 
shown. In that pattern, the hoieo extend over a length of about 12 mm of the baiioon and are located on 1.2 
mm centers for a 3.0 mm diameter balloon. 

The aggregate flow area defined by the holes 29 is selected so that under the general range of inflation 
pressures expected, the liquid flow through the holes will be very low. weeping in nature, and will not 
exceed a predetermined maximum fiow rate in atmosphere. Although the foregoing configuration of holes is 
believed to be satisfactory for a wide range, and possibly most if not all, medications or drugs to be 
delivered, it is possible that certain medications or drugs may have viscosity and flow characteristics as 
might require mcdificaticr. to the hoies. The foregoing array of holes has been found to produce 
satisfactorily low flow rates for fluid medications having a viscosity and fluid characteristic similar to saline 
(such as heparin). In accordance with the invention, the maximum flow rate may be between about 2 to 12 
cc per minute under intlation pressures of tiie order of 2 to 5 atmospheres. Additioiiaily. it is important that 
the holes 29 do not define a fiow area so large as would impair the ability of the balloon to be collapsed 
when the inflation lumen is aspirated. The flow area shouid be not so large that there is a significant fluid 
loss to any side branches ttiat the balloon may be inflated across. This is after alt the original problem with 
double balioon catheters and solved by the instant invention. Collapse of the baiioon is necessary in order 
to permit the baiioon to be withdrawn from the patient's vasculature. 

Use of the catheter and practice of tiie method may be illustrated in arterial angioplasty, such as 
percutaneous transluminal coronary angioplasty. Typicaily, ttie angioplasty procedure will have been 
performed by the physician according to any of a variety of techniques using various angioplasty catheters 
available. For purposes of illustration, it ^may be assumed that the angioplasty procedure will have been 
performed either by a baiioon catheter, laser catheter or other angioplasty catiieter to enlarge the stenosed 
region to a luminal diameter of 2,5 mm. Typicaily. the arterial wail wil! display a certain amount of "recoil" 
after the angioplasty so that the luminal diameter may be slightiy smaller than 2.5 mm. In order tiiereafter to 
treat the arterial wall with concentrated heparin (or an isolated heparin fraction having antiproliferative 
effect), tiie angioplasty catheter is removed from ttie patient, typicaily permitting, tiie guidewire to remain in 
place. The catheter of the present invention will have been prepared, as by the physician's assistant, to fill 
Hie inflation lumen 18 and interior of the balloon 16 with the medication, taking care to purge the inflation 
and baiioon system of air. The baiioon then is wrapped about the catheter shaft to collapse the balloon to a 
low profile, as suggested by FIG. 6. by which it imay be passed through the artery (or a guiding catheter 
leading to the coronary artery to be treated), llie catheter then is advanced over the guidewire which 
guides the catheter to the site of the angioplasty. The catheter preferably is provided with one or more 
radiopaque marker' bands by which the baiioon position may be monitored under fluoroscopy to verify 
placement of the baiioon in the region to be treated. Once the baiioon is positioned within the site of the 
angioplasty, the syringe or other inflation device is operated to pressurize the catheter lumen and interior of 
tfie balloon to cause ti-ie balloon to inflate as suggested in RG. 7. By proper selection of the balloon size, 
the baiioon will inflate into close pressing contact with tiie- inner surface of the arterial lumen, effecting 
intimate surface contact with the lumen. Pressure is applied continually at the inflation device (which may 
be fitted with a pressure gauge) to maintain a substantially constant pressure level as desired, the range of 
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pressures anticipated being of the order to 2 to 5 atmospheres. The jDressure is sufficient to press the 
balloon firmly against the lumihaf surface of the artery but not so great as to preclude medication from 
Weeping through the holes 30 in the balloon. As the medication weeps through the holes, it spreads into a 
' generally cylindrical film 32 between the balloon 16 and artery wall 34. Because 6f the tendency of the 
' 5 balloon to intimately contact the artery wall, the film 32 will be maintained under pressure and will be forced 
into the arterial wall. Although there is some flOid pressure drop as the fluid weeps through the holes 29 and 
between the balloon and artery wall.* the film pressure remains sufficiently high that the medication will 
progressiviaiy proliferate through the arterial tissue. The pressure and flow will be continued for a 
predetermined timei for example, one to two minutes, as is sufficient to achieve the desired penetration of 

10 medication into the arterial wall. Preferably, the tioles are placed so that the end most of the holes 29 are 
spaced inwardly somewhat from the conical ends of the balloon thereby defining an annular portion at each 
end of the balloon which is unperforated and Which may tend to haive a partial sealing effect, tending to 
retard flow of the fluid from out between the balloon and the artery wall.' The balloon then is deflated by 
aspirating through" the inflation/deflation lumbn to cause the lialloon to bollapse. The balloon catheter then is 

/5 withdrawn from the patient. The flow area defined b^^r the holes is sufficiently minute and the balloon wall is 
sufficiently flexible so that the balloon will collap^^^ 

By way of example, based ort animal experiments conducted' in accordance with the invention, the 
followihg penetrations of heparin through the tissue of ain artery' may be expected und^r the pressure levels 
for about one minutes. 



20 



Gage Pressure at 
Proximal Part of 
Catheter 


Estimated Average Pressure 
of Film in Contact with Artery 


Depth of Penetration Into 
Wall of Artery in 1 
Minute - 


Approximate Flow Rate 
of Unrestricted 
Catheter 


2 bar ' 


0-50 mm Hg - - 


' TOO microns 


2 cc/min 


3 bar 


150-300 min Kg 


" 200 micforis 


' ■ ' 3 cc/min 


4 bar ' 


300-500 nrim H^' /' - 


3&0-40id microns 


' ' • 4 cc/min 


5 bar 


SOCK 1 000 mrn Hg ■ ' • 


500-700 microns 


5 cc/min 



Thus, we have described the invention by vyhich highly concentrated nr»edlcation may be applied to a 
surface of a body lumen, such as an artery, under suifficient pressure to cause the medication to penetrate 
into the tissue without introducing excessively high volumes of the medication into the patient's system. It 
should be understood, however, that although the Invention .ha$ been described principally in connection 
with post-angioplasty treatment of an artery .with heparin or an antiproliferative fraction of heparin, the 
invention may be practised in any instance where it is desired to apply a high concentration of medication 
to a local vessel or organ having a lumen accessible by a catheter. Thus the invention may be used to 
deliver chemotherapeutic drugs in the treatment of cancer patients where it is desired tp apply concentrated 
medicatioo or chemotherapeutic agents to the diseased organ. Thet catheter may. be passed into a lumen in 
the organ or may even be inserted into -a lumen formed in the prgan or tumor for the express purpose of 
receiving the catheter. Therefore, it should be understood that other embodiments and modifications of the 
invention may be apparent to those skilled in the art without departing from its spirit. 

Having thus described the. invention what we desire to claim and secure .by letters patent is: 

Claims- . ... ■ 

1 . A catheter for applying concentrated medication to a surfape of the lumen of the body vessel and for 
effecting penetration of the medication into the body vessel comprising:. 

an elongate flexible :Shaft having a proximal ejnd and a, distal end arid' having an inflation lumen extending 
from its proximal to its distal end; . j • ^ 

a balloon mounted at the distal end of the shaft, tie balloon being flexible, and substantially inelastic, the 
balloon having a plurality of minute perforations adapted tp provide a low! weeping flow rate no greater than 
a predetermined maximum flow rate; 

said perforations defining a flow, area sufficiently sma^ so as not to adversely restrict collapsing of the 
balloon about the catheter shaft under tfje influence, of aspiration applied to the inflation lumen. 

2. A catheter as defined in.^ claim Ir. wherein the m'a^^ rate oil. "saiine solution through the 
perforation is about 12 cc per minute. at ?i:>out 5 atmospheres, pressure,. . 
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3. A catheter as defined in claims 1 or 2 wherein the wall thickness of the baJJoon is no greater than 
about .001 

4. A catheter as defined in claim 3 wherein the balloon is formed from polyethylene terephthalate. 

5. A catheter as defined in claim 1 wherein the balloon is provided with about thirty holes substantially 
regularly spaced about the balloon and each having a diameter of the order of 25 microns. 

6. A catheter as defined in cJaim 5 wherein the catfieter is dimensioned and adapted to be percutane- 
, ously inserted and advanced into the coronary' arteries. 

7. A catheter as defined in any of daims 1 to 6 wherein the balloon includes a cylindrical perforated 
surface having an annular portion at each end that is free of perforations. 

8. A method for causing a concentrated medication to penetrate tissue defining a body lumen 
comprising: 

selecting a catheter as defined in claim 1 in which the inflated diameter of the balloon is no less than the 
diameter of the lumen; 

inserting the catheter into the patient to locate the balloon in the lumen; inflating the balloon in the body 
lumen so that it presses in intimate contact against the inner surface of the body lumen; 
maintaining fluid pressure for a predetermined time to cause^iiquid to weep out of the holes in the balloon 
to form a thin film between the balloon and the lumen, the pressure level in the film being such as to force 
fluid tc perfuse into the tissue; 

after a predetermined time, aspirating the balloon to deflate the bs^Jloon and remove the catheter. 

9. A method as defined in claim 8 wherein the pressure is not maintained beyond tie time that the 
maximum amount of medication tolerable by the patient has wept through the balloon holes. 

10. A method as defined in claim 8 wherein the body lumen is an artery and further comprising first 
performing an angioplasty in the artery and then performing the perfusion with said catheter, the balloon of 
the catheter being the sarrie diameter as the balloon of ttie catheter that performed the angioplasty. 

11. A method as defined in claim 10 wherein the perforated balloon, is inflated with concentrated 
heparin solution. - . 
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@ A method and catheter for use in practising the 
method are provided by which a highly concentrated 
medication or chemotherapeutic agent can be ap- 
plied locally under sufficient pressure to cause the 
medication or agent to penetrate into the localized . 
tissue. The total' volume of medication o^ agent \s ' 
quite. smailv well below levels that might, cause an-: 
adverse reaction in, other parts- of -the body.'. The ; 
. catheter includes a thin' walidd flexit>ie: balloon" (16) ' 
having a plurality of mmute holes (29) through whicK. 
medication may flow at a low flow rate. The balloon 
(16) is inflated with the medication under pressure 
and the low flow rate of the order of a few cos per 
minute is controlled by the minute holes (29) in the 
balloon (16). In practising the method of the inven- 
tion, the balloon (16) is selected -such that. its inflated 
diameter will con'espond to or be slightly greater 
than the diameter of the lumen into which it is to be 
placed so that when the balloon (16) is inflated, it will 
contact intimately the isuriface, 'of the lumen. Inflation 
of the^ balloon (16) with the meidicatibn Will cause a 
thin film to spread between the balloon (16) and the 



lumen, the film being maintained under a sufficient 
pressure to penetrate significantly the surrounding 
tissue with a high concentration of medication. The 
quantity of medication that ultimately flows free into 
the. lumen is quite small and is insufficient to cause 
any other damage to the patient. 
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